Flat Space Cosmology (FSC) is a mathematical model of universal expansion which has proven to be remarkably accurate in comparison to observations. Temperature scaling is redefined in this paper in terms of a new "Universal . This rescaling puts FSC cosmic temperature, time, total matter mass, and Hubble radius on the same scale, covering roughly 60.63 logs of 10 from the Planck scale to the present scale. This paper focuses on the relatively subtle temperature curve differences between the FSC model and standard cosmology. These changes become more pronounced in the early universe. Recent observational studies of the early universe, particularly with respect to the "cosmic dawn" epoch, the first stars and first galaxies, have surprised standard model proponents as to how soon these events have occurred following the Big Bang. This paper suggests that, because the FSC model temperature/time curve is lower at each stage of cosmic time, FSC may actually be a better fit for the timing of these events.
Introduction
Flat Space Cosmology (FSC) was developed as a heuristic of the Hawking-Penrose idea of treating the universe expanding from a singularity state as being equivalent to a time-reversed gigantic black hole (i.e., one which smoothly expands from a singularity as opposed to smoothly collapsing to a singularity). Penrose had started the development with his initial paper on gravitational collapse and space-time singularities [1] . Hawking's doctoral thesis advanced the idea by proving the validity, within general relativity, of the black hole time-reversal idea [2] . And finally, FSC has shown very clearly that the appropriate scaling black hole equations are remarkably accurate in modeling our expanding universe [3] [4] [5] .
Recently, we have integrated the FSC equations into the Friedmann equations incorporating a cosmological term for vacuum energy (dark energy). One of the results of integrating FSC into the Friedmann equations is that the following relation holds true in FSC: 2 2 4 3 8π 8π
This equation is a consequence of modeling a spatially flat universe from its inception. It should be remembered that, to date, there is no observational proof that our expanding universe has been anything other than spatially flat. At least as far back in time as the CMB radiation release event ("recombination epoch"), our universe appears to be spatially flat [6] . The extreme flatness of our universe presents a "cosmic flatness problem," first elucidated by physicist Robert Dicke in the late 1960's [7] [8]. In fact, theories of cosmic inflation [9] [10] [11] [12] were invented primarily to address this problem. The FSC model, on the other hand, tackles the flatness problem in an entirely different way. Since perpetual spatial flatness on a global scale (i.e., for a cosmic model as a whole) is not forbidden in a general relativity model of a finite but unbounded expanding universe, FSC starts with the (implied) assumption that the curvature term k in the FSC Friedmann equations is perpetually zero. Thus, Equation (1) in this paper is a direct consequence of this assumption.
In so many words, Equation (1) says that, in the FSC general relativity model, the magnitude of the positive (i.e., gravitationally attracting) matter energy density is always equal in absolute magnitude to the negative (dark) energy density. This is fully understandable in terms of general relativity because a globally spatially flat universe, by definition, must have a net zero energy density. If the case were otherwise, the greater energy density term would dictate a global spatial curvature, either positive or negative, depending upon the sign of the dominating term.
In standard cosmology, there is tension between the observations of extreme global spatial flatness and the popular assumption of dark energy dominance.
This makes no sense. It can only be one or the other, but not both at the same time. It should be remembered that cosmic acceleration is still not proven, despite the fact that dark energy is now known to exist [13] (2) This is the only way that Equation (1) holds true. Since H t is a changing parameter over the great span of cosmic time, this makes FSC a dynamic dark energy model of the wCDM type, with the equation of state in FSC always defined as w = −1. This is in keeping with the quantum field theory stipulation that the zero-state vacuum energy density must always be equal in magnitude to the vacuum pressure (i.e., p ρ = ).
Given this background, the current basic five assumptions of FSC are presented below.
The Five Assumptions of Flat Space Cosmology
1) The cosmic model is an ever-expanding sphere such that the cosmic horizon always translates at speed of light c with respect to its geometric center at all times t. The observer is defined to be at this geometric center at all times t.
2) The cosmic radius R t and total mass M t follow the Schwarzschild formula 
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Current observational parameters are calculated in the right-hand column.
The only free parameter in any of these equations is the cosmic temperature. Given the above background on the validity of FSC as a general relativity cosmological model, the purpose of this paper is to explain how and why the temperature curve in FSC differs slightly from that of the standard cosmology model, and to explain why this may be important in terms of observational studies of the early universe.
New Temperature Scaling in Flat Space Cosmology
Using the temperature formulae of FSC assumption 4, and incorporating the 
In defining a new cosmological temperature scale ("Universal Temperature"
T u ), by T u = T 2 , the Kelvin temperature scale can be converted to a finer scale which also scales by roughly 60.63 logs of 10. Therefore, the T 2 R and T 2 t formulae above assume the new form of T u R and T u t of the same numerical values. Graphs of T u as a function of time, radius or total matter mass then become perfectly symmetrical about the x = y (i.e., T u = t, T u = R, T u = M) axis, with the vertical and horizontal axes acting as asymptotes. These graphs are shown below in While there is complete one-to-one correspondence between the new T u scale and the T (Kelvin) scale, the symmetry of scaling with T u is considered to be an attractive feature of this model. This new temperature scaling method will be used in future FSC papers.
Kelvin Temperature Scaling in the FSC vs Standard Model
As first reported in the referenced FSC thermal radiation redshift paper ], redshift z is related to cosmic temperature by
In standard cosmology, the following formula is used ( )
where T CMB represents the cosmic microwave background radiation temperature [24] . These temperature vs redshift formulae give temperature curves which reflect the basic differences between FSC and standard cosmology. These show very subtle differences at low non-zero z values, but potentially important differences at high z values. For instance, the temperature differences between these two models may be important with respect to the timing of the "cosmic dawn" epoch emerging from the "dark age" epoch. Figure 6 shows how these models differ with respect to this transition period as a function of cosmic years after the Big Bang [25] .
The T R , T G and T S symbols stand for CMB radiation temperature, baryonic gas temperature and spin temperature, respectively. The blue line is the standard model temperature curve and the green line is the FSC temperature curve. The precipitous gas temperature dip is presumed to be triggered by temperature-induced interaction with (colder) dark matter, and it is proposed that this 
Summary and Conclusions
Temperature scaling is redefined in this paper in terms of a new "Universal Even the larger differences in cosmic temperature vs cosmic time, in the early universe, are fairly small between the FSC and standard cosmological models.
However, it is becoming apparent that the farther back in time we look, the more we are surprised to see how early the first stars and galaxies formed. Since new cosmic epochs begin when the falling cosmic temperature reaches some threshold value, the most likely explanation for these recent observational surprises
is that the standard model temperature curve as a function of cosmic time is slightly higher than the actual curve. This paper suggests that, because the FSC model temperature/time curve is lower at each stage of cosmic time, FSC may actually be a better fit for the timing of these early cosmic events.
